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I  Acfosrsion  For 


IS  SPACE  NAVIGATION  POSSIBLE?  (2) 
by  Yi  Lin 

How  Much  Energy  is  Needed  For  Space  Navigation? 

Within  the  next  several  decades,  following  developments  in  modern 
science  and  technology  of  atomic  energy,  electronics,  metallurgy  and 
macromolecular  materials,  the  first  stellar  probe  will  perhaps  be  a  highly 
developed  computerized  robot.  It  will  not  only  be  able  to  automatically 
complete  various  stipulated  tasks  but  will  also  be  able  to  act  according  to 
circumstances  and  alleviate  difficulties.  Its  life  span  will  be  the  same  as 
that  of  a  human.  Its  weight  will  not  exceed  100  kilograms  which  is  no  greater 
than  a  space  suit  worn  by  an  astronaut.  Yet,  even  if  this  type  of  very  light 
probe  is  allowed  to  reach  one-third  the  speed  of  light  the  needed  energy 
will  still  be  greater  than  100  billion  kilowatt  hours.  This  energy  is 
approximately  equivalent  to  the  total  electric  output  of  a  modern  medium 
sized  advanced  nation  in  a  whole  year.  However,  when  the  actual  acceleration 
readies  to  the  liig^hest  speed,  aside  from  the  probe,  there  are  also  the  huge 
space  rocket  stiucture,  engine  and  guidance  system.  Their  weight  far  surpasses 
100  kilograms  and  therefore  the  energy  needed  for  space  navigation  is  100,000 
tinu*.s  greater  than  100  billion  kilowatt  hours. 

If  chemical  fuel  is  used  for  svidi  giuat  cnc'rgy,  this  is  equal  to  using 
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a  match  to  ignite  a  hydro>;c*n  bomb  which  i  5;  a  very  ridiculour;  idea,  vniere  is 
there  a  way  out?  It  is  to  depend  on  the  transformation  of  mass  to  create 
energy.  Based  on  Klnstcin’c  formula,  there  is  the  following  mutual  relationship 
between  cn(‘.rr,y  and  mass: 

energy  ”  mass  x  (speed  of  light) 

100  billion  kilowatt  hours  of  energy  is  converted  into  5  kilograms  with 
its  joined  mass.  This  is  to  say  that  it  is  only  necessary  to  "consume"  5 
kilograms  of  mass  to  be  able  to  have  a  100  kilogram  v;eight  accelerate  to  one- 
third  the  speed  of  light .  This  seems  to  be  very  "inexpensive . " 

Yet,  up  until  now,  the  transformation  of  mass  as  a  process  of  energy  can 
only  be  partially  realized  in  nuclear  fission  and  in  nuclear  fusion  reactions. 
In  a  thermonuclear  engine,  the  energy  "consumed"  in  the  transformation  of 
mass  is  shown  in  jet  speeds.  Under  ideal  conditions,  if  the  jet  speed  reaches 
to  one-half  the  speed  of  light,  the  "consumed"  mass  should  be  1A%  of  the 
reaction  matter,  the  jet  speed  will  reach  to  one-third  the  speed  of  light  and 
the  "consumed"  mass  should  be  6%.  Yet,  at  present,  what  we  can  predict  is 
that  in  future  transformation  efficiency,  the  highest  thermonuclear  reaction 
will  be  a  deuterium  fusion  which  will  cause  a  helium  reaction.  Tn  this  reac¬ 
tion,  the  mass  that  is  transformed  into  energy  does  not  reach  1%  of  the  total 
reaction  matter  and  there  is  one  part  of  the  energy  that  is  lost  by  changing 
into  heat.  Therefore,  the  gre..  test  jet  speed  reacVies  to  one-twent icth  the 
speed  of  light  which  is  also  15,000  kilometers  per  second.  This  speed  is 
already  4 , 000  t imes  that  of  modern  rocket  jet  speeds , 
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Jet  speed  and  Ma « r>  Kn t  i o 


Is  a  jet  spi*e(l  of  15,00  kiloiriotcrs  per  second  sufficient  to  fly  towards 
the  closest  star?  Tn  order  to  answer  this  question,  we  must  talk  nhout  the 
fundamental  principles  of  rocket  movement . 

The  greatest  speed  of  n  rocket  is  determined  by  two  factors.  One  is 
jet  speed  and  the  other  is  called  the  rocket  "mass  ratio."  The  greater  the 
jet  speed  or  the  greater  the  mass  ratio,  the  greater  tlie  largest  speed 
attainable  by  a  rocket ,  The  rocket  mass  ratio  is  tlic  ratio  of  the  rocket  ’  s 
initial  weight  and  air-born  weight  (the  weight  when  the  propellant  is  burned 
up).  This  ratio  value  reflects  the  specific  weight  occupied  by  the  propell¬ 
ant  in  the  whole  rocket  and  the  greater  the  proportion  occupied  by  the 
propellant  the  greater  the  mass  ratio. 


Chart  2  On  the  heft  is  a  SclK^mat ic  Drawing  of  an  Impulse  Thermonuclear 
Kng inc  and  on  t he  Rigj\t  i s  an  Env  1  ;:agod  Draw Ing 

1 .  Thrust  hoard 
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2,  Hydro)’, on  bomb  throw  structure 

3 .  St  root u re  support 

A,  Effective  loud 

5.  Hydro);on  boir.b  :jtora);c  tan  I; 

6 .  Bumpc’r 

Thcrforc,  we  must  think  of  attaininj;  relatively  ^roal  speeds.  This  can 
bo  initiated  from  two  aspects,  raising  the  jet  speed  or  increa^iin)'  the  mass 
ratio  but  most  important  is  ra i sing  the  jet  speed . 

When  the  required  highest  speed  is  at  a  fixed  value,  the  greater  the  jet 
speed  the  smaller  the  needed  mass  ratio.  Generally,  it  is  best  for  the  jet 
speed  to  be  equal  to  or  near  the  greatest  speed  required  for  the  rocket. 

At  this  time,  the  required  mass  ratio  is  not  greater  than  5  and  this  is 
relatively  easy  to  accomplish.  Following  the  decrease  of  the  jet  speed,  the 
mass  index  ratio  law  quickly  rises.  For  example,  when  tlie  jet  speed  is  one^ 
twentieth  the  speed  of  light,  the  greatest  speed  will  reach  one-half  the 
sp ‘.ed  of  light  and  the  mass  ratio  will  increase  to  60,000;  when  the  highest 
sj-eed  is  onc‘-third  the  speed  of  light,  the  mass  ratio  will  be  1,000.  Neither 
of  these  can  be  accomplished.  Due  to  the  limitations  of  materials  strength  and 
technological  conditions,  the  greatest  mass  ratio  of  a  single  stage  rocket 
can  reach  to  over  10  and  the  total  mass  ratio  of  a  multistage  rocket  will 
reach  500, 

The  ^^^^^sbows  the  rocket’s  mass  ratio  attained  at  different  greatest 

speeds  when  the  jet  speed  is  one-twentieth  the  speed  of  light.  It  can  be  seen 

the 

from  the  table  that^-^  greatest  speed  in  navigation  cannot  exceed  30%  of  the 
speed  of  lig.ht . 
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Masf;  Ratio  ^  '*7  **  500  A, 700  59,000 


Envisaged  Space  Navigation  Engine 

Wc  can  see  from  the  previous  discussion  that  the  key  in  realizing  space 
liGJ: 

navigation  in  raising  flight  speed  and  the  key  to  raising  flight  speed 

lies  in  raising  the  jet  speed.  The  jet  speed  is  determined  by  the  engine  and 
thus  in  the  final  analysis  the  key  to  whether  or  not  space  navigation  can  be 
realized  is  whether  or  not  a  super  strong  space  navigation  engine  can  be 
successfully  developed. 

Up  until  the  present,  space  navigation  engines  have  been  in  the  envisaged 
or  predevelopinent  stage.  People  have  suggested  tentative,  plans  for  five  types 
of  space  navigation  engines , 

1,  The  Impulse  Thermonuclear  Engine 

In  reality,  this  type  of  engine  is  a  chain  of  hydrogen  bombs  whereby  the 
bombs  produce  impulse  waves  and  particle  flow  which  spurts  in  a  certain  direction 
and  produces  a  reaction  force  to  propell  the  space  navigation  rocket.  Chart  2 
is  a  schematic  diagram  and  envisaged  drawing  of  an  impulse  thermonuclear 
rocket. 

The  rocket’s  gross  weight  is  400,000  tons,  it  carries  a  40,000  ton 
spacecraft  and  uses  300,000  hydrogen  bombs  for  power  with  a  weight  of  360,000 
tons.  The  remaining  100,000  tons  are  the  rocket’s  structure,  thrust  board 
and  hydrogen  bomb  storage  and  throw  structure. 

Each  explosion  of  a  Ivydrogcn  boiab  provides  a  speed  of  30  motors  per  second. 
The  force,  of  tiie  hydrogen  bomb  explosion  goes  through  the  thrust  board  and 


and  bumper  causing;  the  rocket  to  have  a  contlnuues  nu'/m  tier o 3 era t  Ion  of  Ig. 

The  by  drop, on  bombs  explode  at  3  second  intervals,  T}}e'.'  are  ns(*{)  ijj>  in 
10  days,  speed  reaches  10,000  kilometers  per  s('Cond  (onc'-thirt  leth  the  speed 
of  light)  and  flying  to  CenUaurus  "a”  star  requires  130  years,  which  is  too 
long.  Yet,  from  the  present  point  of  view,  among  the  various  types  of  en¬ 
visaged  space  navigation  powers,  this  tentative  i)lan  is  con^-.idered  the 
most  realistic.  This  is  because  the  manufacture,  storage  and  use  of  the 
hydrogen  bomb  have  already  been  successful.  Recently,  successful  tests  have 
also  been  done  using  a  laser  or  electronic  beam  close,  to  the  speed  of  light 
to  excite  the  hydrogen  bomb  so  as  to  reacVi  the  extremely  high  temperature 
needed  for  explosion  and  thus  need  not  use  the  alomic  bomb  to  cause  the 
explosion.  This  type  of  hydrogen  bomb  can  be  made  in  a  pellet  size  and  thus 
greatly  shrinks  the  structure  of  the  space  rocket , 

2,  Controlled  Thermonuclear  Engine 

A  controlled  thermonuclear  reaction  has  still  not  been  successfully 
tested.  The  major  difficulty  is  that  the  temperature  during  nuclear  fusion 
reaches  to  several  hundred  thousand  degrees  and  there  is  no  vessel  which  can 
withstand  such  high  temperatures  and  "accept*'  it.  Aside  from  this,  as  soon  as 
the  plasma  gases  produced  by  the  reaction  come  in  contact  with  the  vessel,  the 
temperature  immediately  drops  and  the  reaction  is  quickly  broken  off.  Because 
the  reaction  gases  arc  all.  charged  with  deuterium  and  tritium  ions  therefore 
at  present  research  is  being  done  on  using  a  magnetic  field  to  "accept"  it 

and 

and  at  the  same  time  uses  the  magnetic  field  ^  electrical  field  to  produce 
a  maintained  reaction  needed  for  the  extremely  high  temperatures,  Thij;  Is 
the  so-called  "magnetic  bottle  method,"  The  scalability  of  the  "magnetic 


boLt]('*’  i.s  not  y,oo^  nnd  there  (’Xists  tlio  piohlc-in  of  tlie  ;'ns  1  n;.'”  to  the 

outside.  Y(*t,  when  used  in  space  navigation,  it  can  be  changed  1  ro:)»  harnlul 
to  beneficial.  The  benefit  of  uf^ing  reaction  gas  to  "esca[)o’'  in  a  certain 
direction  can  produce  the  jet  redaction  thru.st  hoped  foi*. 

At  present,  it  is  hoped  that  most  of  the  various  p red eve loped  and  tenta¬ 
tive  plans  for  space  navigation  can  be  based  on  successful  testing  of  con¬ 
trolled  thermonuclear  reaction  engines.  Now,  people  are  enthusiaf^t  icnl  1  y 
carrying  out  development  work  and  the  day  of  mankind’s  controlling  of 
thermonuclear  reactions  is  not  far  off;  the  controlled  thermonuclear  engine 
will  become  the  future  hope  of  the  greatest  space  navigation  engine. 

3.  The  Impulse  Space  Navigation  Engine 

Because  the  jet  speed  ratio  of  the  controlled  thermonuclear  engine  is 
much  smaller  than  the  greatest  flight  speed,  the  mass  ratio  needed  by  the 
rocket  is  very  large.  When  a  space  rocket  leaves  the  solar  system,  it  must 
carry  several  hundred  thousand  tons  of  nuclear  fuel.  In  order  to  resolve  the 
problem  of  the  excessive  w^eight  of  the  fuel,  people  are  researching  the 
impulse  space  navigation  engine.  Its  special  feature  is  that  it  only  has  a 
nuclear  fusion  reaction  pile  and  the  nuclear  fuel  needed  for  fusion  - 
deuterium,  is  exacted  from  cuter  space. 

Vast  outer  space  is  empty  yet  is  not  without  anything.  Everyplace  in 
outer  space  is  filled  with  minute  interstellar  matter  and  is  composed  of 
hydrogen  ions  and  atoms.  The  most  dense  places  do  not  exceed  1,000  atoms 
per  square  centimeter  which  is  1%  of  that  of  the  atmospheric  density  of  an 
altitude  of  1,000  kilometers  nl>ove  the  earth.  Places  where  density  is  small 
have  only  one  p(*r  square  cent  imol  er ,  Among  the  interstellar  matter,  there  is 
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ono  diaitc'r i vini  at.*”.!  pi‘r  8,r)0()  hydrop.on  lonr;.  The  iTinnilfa 


nav  illation 


L 


en^;iiU’  cal  cu  la  Ur,  the  ur>c  (»f  tlicj^o  cKaiterinin  for  fur.ion  fu<*l  and  hcrausc  the 
density  of  iiitC'rslol  lar  ir.attoi'  Ls  cxl  rcincly  snail  It  ir>  nccc'.sai'v  to  have  a 

very  larite  intal;e  open,  lug  to  absorb  the  i'aterstol  1  ar  naattcr. 

Chart  3  is  an  e.nvisag.ed  drawing  of  this  typt*  of  engine.  The  space  navi- 
g,ation  rocket  re.senbles  a  larg.e,  open-nouthed  corrnic  shark,  one  end  r.vnns 
forward  and  the  other  is  a  large  mouth,  swallowing,  int  or  stc‘ll  ar  matter.  The 
front  side  has  a  funnel  sliaped  large  moutlu  Placi’s  where  the  densitv  of 
interstellar  matter  is  great,  the  largest  di nine tor  is  GO  kilometers;  in 
places  v;herc  density  is  small  the  diameter  reaches  2,000  kilometers.  It  is 
a  difficult  problem  to  build  this  type  of  funnel.  Tt  cannot  use  anv  tangible 
materials  because  the  interstellar  material  collide  at  speeds  of  several 
tb.ousand  kilometers  per  second  so  that  the  funnel  can  very  quicklv  lose 
strength  and  performance.  It  can  only  ue  of  a  tunnel  shaped  la.rgc  magnetic 

field  and  use  magnetic  power  lines  to  catch  hydrogen  ions. 


Chari  3  On  Lh.c  Left  is  a  Sciu'-naiic  Dravsmng,  of  tlu'  Impulse  f-pacr  fkiv  i  c.at  ion 
kngino  and  on  the  ivi  g;irl  is  an  Inwisacoti  Di’awJig. 
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1  .  :  i  \  vCl  ivf  1  0.1(1 

2  .  i  ii  .’.  i  iH‘  jot  d  i  r  I  -  c  C  i  oo. 

3.  !aicl*  ir  I'.jsion  ro.io!  j^n  pilo 

4.  Prodis.'cd  :,:i,iu‘Lic  Mild  coil  ;incl  Mij.jiort 

S  .  1  on  M  ov.’ 

4.  l.ascr  Vu\:cv 

VJhcn  a  r-Viincn  on  nn  object.  Ibis  ertn  provlnoo  pri-ssmc.  lb.oii;;h 

this  prcf^suro  is  vta'v  rninnto  it  only  nc-cds  to  shine  on  a  lejiya  cnoii;.;]!  surfaco 
and  the  produced  prcss'jurc  v.mII  be  abli'  to  be  used  to  propel  t  !s’  airsliip. 

Soj^ic  peo{)le  laivision  build  in-;  a  ]iui;e  laser  array  in  the  nearest  intCT- 
stellar  space  and  directly  transform  .solar  energy  into  a  laser  (chart  4).  i'he 
diameter  of  the  laser  array  must  be  as  large  as  2  30  kilom.etcrs  to  bo  able  lo 
guarantee  that  the  light  beam  is  traiua  i  i  tied  a  distance  of  6  3ic,hL  years  and 
it  is  unlikely  t.o  be  distributed  too  strongly.  A  larc,t-  sail  is  fitted  on  the 
spacecraft  to  directly  receive,  la.ser  i.rradiation  and  the  diameter  must  also  be 
250  kilometers.  The  sail  is  made  of  thin,  lir,ht  and  solid  materials  which 
must  completely  retlect  the  light  rays  s.o  as  lo  attain  the  grcatc^st  light 
pressure.  It  is  estimated  tliat  the  weight  of  the  j;ail  cannot  be  less  than  1,000 
tons . 


i■h^J  aho  ■ : hid- 'J. I ;i 


(diiirt  4  Knvisags'd  Mia.rl  of  laser  hropel  led  bacu'craft 


Vlu*n  rlie  .pactcrnfl  i  .s  not  vtM*y  far  fron  tlic  r.olar  it  can  first 

use  a  10  kiio::iitLT  diaiuetc^r  laser  array  as  the  ]u')v.(*r  source., 

u  Ian 

'fhe  ^  to  use  the  lasau'  to  directly  ])ropc*l  .sei-ris  a  little  l::^:i);inary , 
yet,  lu'cause  it  decs  not  rerjuire  cor.iplex  nuclear  reaction  pile  ef|u]pmcnt  it 
can  save  several  hundred  llioufumd  tons  of  nuclear  fuel.  Because  of  tills,  it 
has  gained  pcopU's  attention.  A  relatively  realistic  plan  i:,  t  l;e  use  of  th.e 
laser  beam  for  the  energy  source,  thermonuclear  fuel,,  excitation  of  nuclear 
fusion  and  the  production  of  jet  thrust  as  mentioned  previously. 

5.  The  Ant  i “Mat ter  ITngine 

Based  on  tlic  law  of  the  unity  of  opposites  in  material  dialectics, 
since  the  objective  world  has  matter,  its  opposite,  anti-matter,  must  also 
exist.  The  continuous  appearance  of  anti-electrons  (positive  electrons), 
anti-matter  and  ant i-- neutrons  provides  an  experimental  basis  for  the  creation 
of  anti-matter. 

When  matter  and  anti-matter  interact  it  resembles  what  was  pointed  out 
in  Einstein's  formula;  all  of  the  matter  transforms  into  energy.  Energy  is 
radiated  in  the  form  of  gamma  rays,  neutrino,  high  energy  electrons  and 
positive  electrons  (electrons  with  a  positive  charge!.  Yet,  within  this,  half 
of  the*  ('nergy  is  quickly  taken  away  by  the  neutrino  and  there  is  also  a 
small  poition  that  changers  into  heat  and  is  lost.  Jet  speed  can  be  raised  to 
one-fiflb  the  speed  of  light.  In  order  for  the  spacecraft’s  highest  speed  to 
reach  ono-third  tlu'  speed  of  light,  mass  ratio  mvisl  be  6,  Anti -mat  ter  only 
nced^;  to  occupy  :>T  of  the  La.kc-off  weight. 

In  a  larg.o  i.iale,  high  tuiergy  (accelerator,  the  use  of  a  super  strong 
proton  flow  houibar d’:ien t  of  1,000  trillion  protons  per  second  can  produce 
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prot  OTiri 

ant  i-prol  (MIS .  Vor  ,  the  most  anti~^  that  can  be  pro<hs  i*il  each  year  is 

several  kLlo>;rams  whic'h  is  used  in  hi^h  cner^^y  physics  exper  iniLMU  s. .  V.’o  iu‘od  to 
attain  a  n\r.uher  that  can  act  as  propellcints  hut  the  (sirlicst  this  is  possible 
is  the  21  St  century,  I'ur thormore ,  even  more  difficult  thin  prc»ducin/\  anti¬ 
matter  is  s.torin^  it,  controlling,  decay  and  realizing  an  ant  i-mattc^r  enj^ine. 
These  arc  all  the  nevjcst  research  problems  confronting,  r'.odcTn  nuclear  tech¬ 
no  lo^,y  . 

The  above  discussion  focused  on  introducing,  the  conditions  in  space 
navigation  plans  and  tentative  plans  of  engines  for  interstellar  space  navi¬ 
gation  .  Yet ,  the  real izat ion  of  interstellar  space  navigation  is  involved  in 
resolving  these  problems.  For  example,  the  problems  of  guidance  and  communi- 
C£itions  in  interstellar  space  navigation  still  await  resolution. 

The  next  issue  will  take  one  hypothetical  space*  navigation  journey  as 
an  example  and  discuss  the  course  of  space  navigation. 
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THE  UNIT  STRUCTURE 

/ 

by  Hong  Dob In 

At  present,  when  tbe  United  States,  England  or  France  design  new  engines 
they  usually  use  unit  structures  which  is  very  advantageous  for  the  fast 
installation,  dismantling  and  safeguarding  of  engines  and  has  important  sig¬ 
nificance  for  raising  the  operation  rates  of  aircraft , 

Why  is  it  Necessary  to  Use  the  Unit  Structure? 

Power  equipment  for  an  aircraft  requires  an  engine  with  a  small  area,  that 
is  light  in  weight  and  that  emits  the  required  thrust.  The  work  conditions  for 
engines  are  very  harsh.  Parts  for  the  combustion  chamber,  turbine  and  after¬ 
burning  combustion  chamber  work  under  very  high  temperatures.  In  the  after¬ 
burning  turbine  fan  engine  turbines  used  by  tlie  military,  the  temperatures  arc 
very  high  and  even  reach  1,370°C  and  has  a  tendency  to  rise.  However,  the  parts 
for  the  fan,  gas  compressor  and  turbine  also  work  at  very  high  rotation.  Taking 
the  American’s  newly  developed  FlOO  engine  as  an  example,  the  tangent  speed  of 
the  long  and  thin  fan  blade  tip  has  already  reached  400  to  470  meters  per 
second . 

In  order  to  guaranti'c  tliat  the  engine  work  normally  and  reliably  under 
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poor  condilionr.  and  as  far  as  possible  c:<teiid  1 1  r.  life  span.  The  design  and 
development  of  modern  enr/ini  s  not  only  require  that  a  p.roat  deal  of  ti^cor- 
etical  and  exjier  iinental  work  be  done  to  i'.uarantee  I  he  product's,  fpiallty  but 
after  it  is  installed,  it  ir,  also  retiui  red  to  rtinilarly  and  cari-fully  st-rvice 
it.  One  engine  is  usually  cop)p0  5>ed  of  si'veral  thousand  compon<-nl ,  for 
example,  the  afterburning  Sjhei  (?)  eng,ine  used  hy  the  military  has  over 
5,000  components  and  among  these  several  thousand  components,  there  are  certain 
component  damages  including  the  relatively  small  standard  parts  damages  of 
clo.scd  and  sealed  parts.  All  of  these  can  cause  serious  damage  to  the  wh.ole 
engine  and  even  the  whole  aircraft. 

The  earliest  designed  engines  did  not  use  unit  structures  and  examination 
and  service  was  very  strenuous.  All  internal  breakdovms  were  alv;ays  difficult 
to  discover  beforehand.  When  a  breakdown  occured,  especially  damage  to  the 
internal  components  and  it  was  necessary  to  repair  and  replace  parts  they  had 
to  take  the  engine  down  from  the  aircraft,  transport  it  to  a  repair  factory 
and  then  take  it  apart  and  repair  it.  As  for  rotating  parts  such  as  the  gas 
compressor  and  turbine,  after  replacing  components,  it  was  necessary  to  again 
balance  them,  have  trial  runs  and  send  tliem  back  to  the  airfield  to  be  fitted 
on  the  aircraft.  Not  only  were  safeguard  costs  high  hut  a  lot  of  time  was 
wasted.  An  engine  is  a  costly  machine,  its  life  span  is  relatively  short  and 
there  arc  many  chances  for  breakdouTis.  Tf  there  is  a  lack  of  a  sufficient 
number  of  spare  engines  this  can  effect  the  rate  of  aircraft  put  into  opera¬ 
tion  and  the  aftereffects  are  not  difficult  to  imagine. 

Til  order  to  ro.sol.vi'  the  abov*.^  meiUiuned  contradictions,  in  recent  years, 
rngland,  the  Unlled  States  and  France  have  lU'wly  developed  some  engines  which 
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co::*onl-,'  \j‘.c  un  i  I  •;triu*tMn'  oi  -i..iu!.rt!  i  m  .■  tui^  <!•••  i/ir  . 

'llu*  “.mil  :.t  T '.'.f  l  ur  i'  is  .i  type  of  ui'.-'  anl  ori  in.il  ,i  -u  t.M'-'. .  IV.»- 
t’liy,  iuc  i'.  divrl<.tl  into  a  s.iall  ni’^ibor  ot  -o;  .poiu  n  t  ■ . ,  .I’sn.V  s  :  10  l.ii  < 

i  iuU*))cnvloiU  soolitin^;.  Thoj.o  lar,;c*  am  i  u  l  r  r  r  t  •  1  a  i  n!  <as!i  p.irl 

stand;.  i>n  it;;  civ's^  .  iianh  larpA'  indopi^sivan!  .>ec‘litn  i,.  (al](v!  .•  nnir.  Tor 
exaM’pl.-,  tbo  laa  unit  of  th>  KHIM  1  onj;iiu’  can  l>o  divide..’  ir.u  t  do  l  an  Madi, 
d  i  s c  an ;!  < x  J  s  n n  t  L .s  . 

Kach  unit  can  he  dismantled  and  installed  on  the  aircraft  vd  icli  dots  n(>t 
eftoct  the  otlior  units  and  dcu‘s  not  fleet  tliO  dal. me o  cO  i!u-  rotor  or  the 
performance  of  tlu;  wiiolc  eny,  ino. 

In  usinp,  the  unit  structure  <.np,jne,  \c)-!{*n  cra'l.iin  coinponi  ni  and  part*; 
arc  dat’iapcd  antJ  rtapiirt*  mj’^l  acement ,  the  ca)rnponenl  ;;  v’hirh  nca-d  to  be  rt‘placed 
in  a  cc'i'tain  unit  can  be  te.kvn  from  the  c-ny/ine  in  the*  airfield  la  even  direct¬ 
ly  from  the  aircraft  and  the  new  unit  can  be  put  in.  because*  l  V»e  rotat  iap, 
part  units  arc  balanced  well  beforehand,  the  unl^a  lanced  wefeht  Is,  serioiislv 
controlled  witbein  a  certain  ranpe.  Therefore,  when  a  unit  i  .s  rej^laced,  it  is 
not  necessary  to  rcdxalance  and  it  is  also  not  ni‘C(‘ssnry  to  havi*  a  peiforn  ince 
trial  run,  Cenerally,  it  is  only  necof.sarv  to  examine*  the*  enpine  once  hy 
dr ivi up,  it. 

The  French  State  Operated  Engine  Rcstsarch  and  Hevelopmeiu  Company  bepan 
developing  the  turl>inc  fan  tsigino  M53  in  1969,  It  is  composed  of  10  unit-, 
whicii  ar('  tiie  low  pressure  p/ts  compressor,  the  pas  compi  I'ssor  heavy  casein;;, 
the  hip,h  pressure  pas  compressor,  the  combustion  cluamber,  the  high  pres»raii  e 
turluui'  guide,  the  turbine,  the  turbine  heavy  casing,  the  alterhurner 
diffuiu-r,  th(*  afterburner  lube  ar.d  the  jet  noxrle. 


-)4- 


TKo  p  t 

•r  nl  t 

b<*  :•  't 

!'in  la 

‘‘ 

;  <  d  t  1  W  i  (If  ' '  o  !  ,  P  ; 

.  , 

t  r 

-■\{\  b  i 

.  a 

1  a  V  .1*  a  1  I-  1 

‘  •  r  In! 

biiu  t 

.ai  on 

i  ni* 

a  ml  it 

a  sin  -  V  tl.r 

u  .t  i 

.  ovo 

r  ?0,OMM 

V  i 

1  o  *  1  a',  :  .  V 

»  anil 

1  rn» 

1 1 nn  t  > 

; 

t  b 

i  .  til’ 

ino  vliiab  1:; 

a  i;'. 

e  bal  1 

1  bflov; 

i  *. 

C*  ‘  ijMt'.ni  1 

» ‘  ''»  tin 

i  r  '  ;  . 

1  *  .  4  a  , 

a 

bi 

'b  pi'o 

s'varf  ;a  .  or. 

pr.  ' 

1  r 

,1  coab 

nsl ion 

cb 

1  '.bt*!  i;;!  ; 

b  1.  pr 

•  •  ■  'ill 

1  u  r  b  i 

no 

.(  1  OV.’ 

p re.  '.are  tar 

bi-.f 

(  ine- 1  uei  inp 

tbo 

(  .1 

ia,.)  a...i  , 

n  , .  t  a  1 

:  i‘l 

1  r.,n 

. . .  i 

.  u  , 

Tlii*  un  it 

,  .  t  1  n  t 

t  U  t  t*  I 

■!  Ibf 

V  ' 

'<  1  < 

/i;  idd’ 

11  t  n  i  b  i  11 L*  f 

an  on 

p,  ino 

i  : ;  C  o*' 

:pOsce!  of 

7 

unit  *,  a  It 

•  t!lt  1 

..n  I'ot 

O!' 

» 

a  ru‘d  i\iv\  pron.airc* 

p  a^'.  e 

or 'pro 

’;'sor , 

a  medium 

V^' 

t  .'>'  .uro  and 

1  o’.s*  !<r 

1  nil 

‘  tu  rb  i  lu 

a  b  ip.b 

pro rf'.un*  :',y 

a:lo:  , 

1  he* 

riieleiV 

casing 

of 

a  iiK'diu:;  j 

'  1  V  a-  .  n  1' 

t'/ii  i 

'  pi  ‘ 

Ill 

■  o 

p,a:.  Cti 

:''pre  ;  :.eTr  ,  a 

fan  c 

a.*;inp 

:  and  a 

n  out  or 

t  1 

.  !M  ’ ;  i  ’ -  .  i  t  'O 

*  , .  .  t  n  4 ' 

In  C'l  »h  1 

!'  t  (t  y !! 

' .  m  t  t 

•o  1  bat 

a 

if  1 

el  in; 

1  j!  1  1  a  t  i  eMi  1 1 

c  b  a  1 

ai'ic  e 

of  Ibe 

'  rote^r 

i  . 

n(>t  ru  i  nt.-. 

1  in  /. 

bbdl  1 

e  ny  im.' 

t.  <  1 

t  b  jo  i 

a  in,',  ’parl  :n 

1  tl-.o 

rot.  or 

‘  USe*.*^ 

cu r\"<  d 

f 

e'  o  h  i  1  C  1 1  e  I 

■n  p  V'  r  N 

!!.f 

i  r  1  urn; 

L  i 

on 

>  IS  lo 

a  1  1  eio  oac  li 

joining;  p :] 

i  r  1  t  v> 

1 'ave 

coiutMit  »  u’ i  I  V  :i)n  I'i'  ronx'fii  i  I'ji  I  f  cM'  fnsL  in  r.t  n  ]  1  a  I  i  on  and  d  i  smatu  Vi  np, . 
NatiMMlIy,  lilt*  vatViim*  pii-i'i*.  ion  for  this  tyju*  of  coupler  Iwlcl'.  naist  be*  qtiitc 
bip.b. 
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1  .  Fan 

2.  Arrc'sr.nry  t  ran  m’*  i :  a:  i  on 

3.  jiror-.  urc  >•  a  conpro  o.^r 

4,  Copihio  t  i  t»!i  rlKr:J'-at  liii;h  proraaire  turbine* 

5,  Low  pia  ^aairo  turbine* 

The  Unit  and  Visual  Mainlt'nance 

The  ai:ii  of  usinp,  tlu*  unit  ntruciure  is  to  inprovi*  t  lu*  :n.i  i nt  t  nanra  per- 
fornance  of  Llie  engine.  For  the  non-unit  struc'iire  cng.inc,  there  iy.  u-.uallv 
foriJiulatcd  a  repair  life  span.  The  so-called  repair  life  span  is  the  amount 
of  time  from  vlien  the  inginc  officially  lcaver>  the  factory  to  before  It 
returns  to  the  factory  for  repairs.  In  the  rc'pair  life  spin  of  an  engine,  it 
must  be  taken  out  of  the  aircraft,  package^d  and  sent  to  the  repair  factory 
to  be  dismantled,  examined  and  repaired  by  improving  the*  decreased  perform¬ 
ance  or  replacing  components.  During  tbe  process  of  packaging  and  moving  in 
inclement  v.'eatber  or  installing  and  dismantling,  there  is  the  possibility  of 
other  coinpon(*nts  being  damaged,  Hov;ever,  after  using  tlic  unit  structure  in 
the  engine  it  is  cc»nveni('nt  to  realize  positive  visual  maintenance  techniques. 

The  use  of  visual  maintenance  techniques  docs  not  stipulate  the  main¬ 
tenance  life  span  of  an  engine  but  gives  serious  supervision  and  control  for 
the  important  parameters  of  the  engine*,  for  tbe  prt’dicLion  of  the  discovery  of 
bre'akdovms ,  for  accurately  appraising  problems  that  occur  in  tbe  unit  and 
based  on  ce>nditions  replace*  units  that  arc  below  tlie  safety  coefficient,  before 
d  i  s*over  ing,  :  ij-.ns  of  hr  »'/il'down  s ,  no  matter  how  U^ng  t  lie  w’ork  lime,  all  can  be 
cont  iniionsly  e::iployed.  There  are  nntecednnts,  annotated  models:,  scries, 
nni’ilnrs  and  the  amount  c>f  time  eised  for  each  unit  including,  each  occafMon  of 
repair  and  tlu  content  ot  replacing,  coi'iponent  s ,  It  is  necessary  to  sepa.ratc  and 
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and  rt'p.Mi*  ^  '  units  and  after  nttainin;»  a  stl;Hilatad  leclmical  per- 

forir..inee  ll  ran  entcT  the  warehuust*  as  a  spare*  unit. 

The  worl'v  cond  it  ionj;  for  each  unit  in  iho  onj'.inc*  are  dJffe'renl,  For 
example,  tlic  IkmI  tip  combustion  c handier,  turbine*  and  afterliunu'r  operate 
under  high  temperatures  and  the  chanct*  for  hrenkdov/i'is  Is  grtsiter  than  cold 
tip  components  (gas  coinprer.sor  and  accessory  trans,;  i  i  Sfvion)  and  there  rdiould  be 
more  spare  units.  Visual  maintenance  can  be  directed  at  eoner(*te  situations  or 
treated  separately  v;hich  is  better  than  using  the  rc’pair  life*  span.  Aside  from 
this,  units  are  easier  to  transi>ort  and  storage  than  whole  engines  and  they 
are  very  convenifiiL  under  war  conditions, 

llov^*  can  visual  maintenance  be  done  well  whereby  the  various  signs  of 
breakdov/ns  in  tbe^  engine  arc  perceived?  This  requires  experienced  and  careful 
control  of  engine  work  and  reliance  on  the  "conditions  control"  system  for 
completion.  Conditions  control  is  generally  divided  into  flight  and  ground 
control.  Flight  control  includes  cockpit  indicators  and  aerial  recorders.  The 
cockpit  indicators  are  used  to  control  the  parameters  of  engine  thrust  (or 
power),  rotational  speeds,  turbine  temperatures,  oil  pressure  and  vibration. 
Aerial  recorders  are  used  to  record  the  condition  parameters  of  the  engine 
and  following  this  there  is  processing  and  analysis  and  at  the  proper  t iinc  it 
examines  the  major  signs  during  the  initial  period  of  a  breakdown.  Ground 
control  is  the  examination  and  discovery  of  brcakdouTi  signs  on  the  ground 
Including  the  following  form.s. 

Vifuial  examination  of  the  position  of  the  fan.s,  exhaust  system  and 


externa  1  pipes, 


Tl.i-  usr  <>1  a  ilrtfCLor  to  iiivi  ‘  i  f/.ait*  thv*  i:n])ortaot  jvirt*'.  Iro.  I cli^  the?  criDini 
.such  as  I  ho  hunu'i  luho,  turbine  /uicli*,  Inrl.ino  hi  .uh*  ninl  cu:  |iri».‘'.sor 

blaelo.  i  he  deiecUM'  can  be  ri.’.io  rr  ilexibu-,  it  can  n-n^-.e  perceive  or  be 
an;ul.ir  and  i  ::un;  can  alee  l  .ikr*  pictures.  The  (ietecta'r  i  nve  ;t  i;/,at  o;^  by 

be  in,;  in  erted  in  a  hole  on  I  la  en^,  inedr.  car- in  p  into  the  en;;in(*.  rbiO  quantity 
and  position  of  the  detC‘Ctor  ch  terminer,  the  structural  coiul  i  t  i  ere,  of  the 
engine,  yet,  it  is  iiece.ssary  lo  guarantee  that  tlu‘  atA»ve  mentioned  important 
component  are  examined.  The  cb,art  below  shows;  the  U5u^  of  a  detector  to  in- 
v^esLigate  a  high  pressure  turbine  guide  blade. 


4.  nw  5.TLn:(X 

6. 


Chart  2  The  Use  of  a  Detector  to  Investigate  a  Turbine^  Guide  Blade 

1  .  Turbine  guide*  blade 

2.  Combustion  chamber 

3.  I  n\'es>t  igat  ion  hole 

4.  Kyep  ic'ce 

5.  Detector 

b,  I’.ng,  Iiu*  casing, 


The*  use  of  a  g.  Mv.;i;a  rav  5;ource  to  take  pictures  by  going  into  the  empty 

,  ,  ineasui'e  ,  ^  , 

part  ol  t  bi*  i  ng,  lin*  '  low  prt*s,sure  rotor  ax1('  so  as  to  ^  the'  size  and 
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mca;;urfiui‘nl.  in  l  cl  i-ai  of  t  !u‘  key  piirta.. 

The  \iyv.  of  a  pin  pitlva;')  (also  called  a  Ti)ay,iu*ljc  spiral  stop¬ 

per)  Co  oxa^nno  wln^tlior  Clio  ii  ;por  t  .nil  co^npcauail;  r;  of  the  ncctn;s.ary  liihricntcd 
boarinp,s  and  y.oars  are  daina^;c‘d.  'ih;?  nia>;ncClc  j-jin  pickiijjs  an*  all  fitted  on 
the  out.sido  so  that  the  hand  can  easily  take  them  out. 

At  piC'StiiC,  the  coiitiol  systc'ms  of  aviation  onpine  conditions  are  still 
being  developed  and  we  luslicve  that  following,  t)ic  great  .strides  in  science  and 
technology  they  can  be  gradually  improved. 

Conclusion 

The  first  engine  in  the  world  to  use  tlie  unit  structure  was  the  British 
Yilaiide  (?)  turbine  propeller  engine  built  during  the  1950* s.  Yet,  for 
various  reasons  it  was  not  given  much  attention.  After  over  10  years,  this 
type  of  new  and- original  design  idea  was  used  in  the  American  JT-9D  engine 
and  was  shovai  to  be  superior,  Tt  was  quickly  expanded  to  many  of  the  major 
engine  manufacturing  companies  in  the  West.  After  that,  many  newly  developed 
military  and  civil  aviation  engines  used  the  unit  structure  design. 

It  is  worth  noting  that  the  unit  structure  not  only  resolved  the  pro¬ 
blem  of  the  exchangeability  of  similar  units  in  the  same  type  of  aircraft 
but  also  opOTied  up  vistas  for  the  standardization  for  many  of  the  engine 
parts  and  compon^'nts  which  were  considered  difficult  in  the  past.  At  pre¬ 
sent,  nations  in  which  aviation  industries  are  advanced  all  use  the  advanced 
core  engine  and  take  it  as  the  basis  for  the  development  of  a  .series  of  de¬ 
rives  d  on i n c' s .  Even  though  the s c  c n g in c s  of  t h c  sam c  f a m i  1  y  a r e  a  c ban g e d 
form  of  the  sa.mc  core  enj^inc,  the  unit  s  can  be  intcrchanj;ed ,  This  expands  the 
**three  change^;”  range  and  is  Itigbly  significant  both  economically  and  militarily. 
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